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A. Problems 

None 

B. Accomplishments 

The finite-difference model v/as modified to allov<; for changes in 
thermal conductivity with depth caused by variation in soil moisture. 
Field measurements were used to modify the model. 

Both U-2 and RB-57 flights are scheduled for mid-October. During 
the next reporting period, test fields for the aircraft flights will 
be selected. Temperature and soil moisture profiles in the fields will 
be measured at the time of overflight. Aircraft data and field measure- 
ments will be used to evaluate effects of vegetation, soil moisture, 
and water-table depth on soil -temperature profiles. Development of 
procedures for manipulation and reduction of HCMM data will begin. 

C. Significant Results 

In its original form the fini te-di fference model considered the top 
50 cm of soil divided into layers 1 cm in thickness. The thermal 
conductivity of the soil was specified together with the solar 
radiation term of and an initial temperature profile. The model 
then calculated the resulting heat flow between adjacent layers and 
the resulting change in temperature of each layer during each minute 
of time. Thus the model calculated temperature profiles as a function 
of time for the top 50 cm of soil. 

The model was used to calculate the differences in surface 
temperature between two hypothetical sites which result from a 
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temperature difference at 50 cm duo to the presence of shall ov/ ground- 
water at one of the sites. Although qualitative results of the model 
seemed consistant with experimental results, further evaluation showed 
a need for taking account of differences in thermal conductivity due 
to different moisture profiles at the two sites considered. 

During this reporting period, the model has been modified to allow 
input of different thermal conductivities to each of the 50 layers on 
both sites. Using the method by DeVries (1963) the computer program 
calculates the thermal conductivity of each soil layer if bulk density, 
dry conductivity, and moisture content of the soil are known. Thus, 
a surface temperature difference for two sites with different soil 
moisture conditions can be related to temperature difference at 50 err 
which may be due to the presence of shallow groundv/ater at one of the 
sites. 

The model in its present form is shown in Appendix A. Schematically 
the model may now be represented as shown in Fig. 1. This form was 
chosen for use in evaluating the model. Modifications are planned which 
will change the model to the format shown in Fig, 2 to estimate depth 
to water tables. 


DeVries, D.A. 1963. Thermal Properties of Soils. IjiW.R. Van Wijk 
(ed.). Physics of the Plant Environment. North-Holland Publishing Co., 
Amsterdam, p. 210-235. 
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Fig. 1. Schematic representation of the finite-difference model in its 
present format. 



Fig. 2. Future format of the finite-difference model. 
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The model was modified using field measurements from tv;o fallow 
plots at the South Dakota State University irrigation farm near 
Redfield, South Dakota. One plot was irrigated to increase its soil 
moisture while the other one was left as a dryland plot. Thermocouples 
were buried on these sites and temperature measurements were taken at 
depths of 1 cm, 5 cm, 10 cm, 25 cm, and 50 cm. Thermal emittance was 
iDeasured for both plots using a Barnes PRT-5 mounted on a scanning 
apparatus. Net radiation and incoming solar radiation and other 
selected data such as cloud cover and wind velocity were also measured. 

Measured and calculated temperature profiles are presently being 
used to calculate dry thermal conductivity for the soil to allow the 
model to be used to evaluate the conductivities at each site from 
measured temperature profiles. 

D. Publications 

None at this time. 

E. Recommendations 
None at this time. 

F. Funds Expended 

Total funds expended for the July'>-Septeinber period were $5,850.09. 

G. Data Utility 


At this time no spacecraft data have been acquired for examination. 




Appendix A 

Fortran program for the finite-difference 
heat flow simulation model. 
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DAY * C.C 
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UO jl l-t .51 
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Him 
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HHD 
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IF (KA 

.CC.tl 

HHII » 

HHl! ♦ 
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HOC 
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HOC 
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.GC .3) 
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HHC ♦ 
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HOD 
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OOA " KOA * I 
Him ' HUM* I 
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IF (KA.GC.3ICC TO 72 
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u v«i tr i6i20i'.U‘UDiTAinn’i »TP{f'oui 

n HKi It ,-rei(<r.Ai 

wit It iti2ccn 

> hill It UiZCC'tl 

c 

C END UP Mtll/ITCir RCUIII.C 

c 

it. CUM I Ml 
IlhE » uc 

- iri’tni.M.MM'Jt IC HI 

5 c 

c curj/rmif.r. upp chok ikupu nni:5ir.it>( to sifiGU- ron plot imaoiiAH 

DO 2'jC 1 >1.1/1 
t>iAm>iAtii 
2iC IMIIII l»If;lll 

CALL Pin AtJSIMP, ,3*i. ,-OC. ,0.,U 
cAiL Pin piMirt,cci'rii,M< ,*,0) 

CALL PLCi Cl 'SOIL inpiTB Aattc piipmc tch site A'.ao.'irvrL iit cm* 
A, n , ' I*ppr.i(.;it Uf< , in 
CALL PLUI Aiaci',10. nO,,’5C.,0.,n 
CALL Pin niPiM.Lppn'.'M.so) 

call i’um ci'sniL UPPCnAiLiit; pticrtLC run sitc p‘.35.’LrvrL pi cm* 

A| It , ' U-M'rtlAILUf ' ,u I 
el CUMIMLt: 
c 

c rcsipso ir calcllaiicas have run tcr ccsired timc i.cnctk 

c 

IFICPlN.LT.EMAir/C If H<- 
ir (Cll'ULI.llIRl CC TC HA 
II lOAY.Lf.COATJOt: TC HA 
GO 10 HO 
DA CCMINvC 
C 

c CAL IC pun ICMP oiriEuCAcn evert lo minutes 

2Cl MII|»PIN»l 

IFII'IN/USIMGI.CE.IICC TO 203 
vC 10 2lC 
?CJ tSI>lS|t| 

Tt)AAiMt\/l5)>TA(| l-TI'IU 
I0A(MW(/ll.).IA(2)-rD(2l 
TPIltPIN/lM»IA(t|-Ill(6l 
lOCIKIN/lti ■'IA[2AJ“UM?6» 

TOniPIN/15) «IA(Sl )-Ttl(5n 
ii(’U(nN/i5i •riPC/jAoo. icitmcoATfaA. 

21C CCMINLC 
C 

c CALcmniN lf new tipe 
c 

ni'c • iiir * 1)1 
CMIfl » tPIN « IM/tU. 

IF ICPIU.LI.ACICC IC HH 
CMPI > CPIN - 60. 

Clip, > cult « I. 

IF(CHi(.U.2A)CU TC IIP 
CHH > Cllti - 2A 
DAY * UAY ♦ 1 
efi CCIIIt'lL^i 
CO It: 5 
TC XUMPILL 
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CML CLCI AU5Pp0..25..,-?.,l.,n 
CALL PLtr MHCl>HpTCAA,i«t 

CALL PLL'f CMSLt-r ACT jryPtltATunC 01 r-FCItTNCf: VCPSUS TlHC'i«?r 
I ♦ tCMP LjrfCPLNCC'il'Jp'I'LL'H* 

CAIL PICT A{JSP,C. ,2'>. ,J, ,n 

CALL PLtt IUKCCpTi TQA, » 

call I'Lot Cl* »f." rpppniATLfir cirn:iH’(cr versus rinri,37, 

t* iCf'M ojrriTCKCL' .i'i.'i-uiii ,<■,) 

CALL PLU 

CALL PLCl milt U». fur, ,'?6I 

CALL I’LU Cl* ''CP ivpo* PATUL* oiTFr>ir*;f,r vr^iijs TTHr*,3'>, 

I ' rifii* Liff Ut'lCL* ,1*^ ,*l LUit* I 
CALL MLU A IJDP, 1 1 
CALL PU;r ')ll'fL«,IOC,'«* ,ut) 

CALL I’ll t t<*?*iCf' fEPPERAn.liL 1 1 fl VCH5U5 »IPf*,‘J’;, 

I'Ttp.’ cirrr t*Nc; * iiiip'i'aM' ,Ai 

CALL PLU A(J5P,(. ,21i, 

CALL PLU miif:L:‘i,rci), *♦*,')/, I 

CALL PLi.i ci**,ocp TCPPr.iiArLHi: urmir'pcf vctcus time*,)), 

1 * ic«p L'n-rcALACC* ii5,*i*u;ii* ,'i) 

KKK » (IKF * t 

iriKKK.lC.f JlCtJ fc 2 
iccc niiiHATizin-.c) ,11101 .ox.meo.o) 1 
icci rorthAitf 11 
ICC2 it'iMuiiin.ii 

iccj eppha I uj ic.c/6rT,T» 

•Ci;-- r-OKNA I 141 7, A) 

I'j .7 roHMA 1 1 ir*,. 1) 

fc\tC I IM-IA n '1*1 

2 CCI iu*ivAii' ' , * icpprHAroKc pucriic at '.otm,' I'CUps*! 

2CC2 ffjKMAfl* ' . ' TrpPEKAUJBC PRCriLC Af i,?ttll,I2,* HJURO'l 

2 CC3 ruapAiM ' , ' icPFf.nAiuuc pftLriLC AT • , ij, n, 1 1 , 1 inuKS'i 

JCCA fCH«Al|* ' , ' TCPPrR.MLWr I'HCl ILE Al POUIlS*) 

2CC5 roRMAii *c*,'i rEHAiif;!,' iMcnvAL IS i,ro.fj,' sEcrnrisi) 

2CC4 roPHA r I If , ' siRfACE fPErHAiuHC TA o * »ri,.3, lox, 'sunrACE hcae *, 

IT-LOR !■< PACflL,; A |C *,11*1.101 

2CC7 rcHPATi* »,2cx,'7o « * ,n.. 3, lox. ' suarAcc meat fi.ch hi phofile*, 
PUIS *,ris.ioi 

2cce riiMKA 1 PC ' , 'suiir-ACc- rEpprnAiuiic oirrciUAcn » *,f 6.3) 

2 CC9 nr.p-Aipc'i 

2tic ro«KAipc',AUx,iDCPrii*,AA,*iLi'P A',5x,*rn*p n*i) 

2 CII FClUlAtP *1 

2C12 rCKHAiP '.A|?X,'«/,?X,n,5X,r6.3,5X,rA.Jl,2X,'*') 

2 U3 F&THAI pt *,02X, ' ,,'>X, t),2 |SX,r(,.31l 
2 CIA rCUPAip, ' ,J2X, '«• n,2l5x,rs.3| I 

,’0l5 FClU'.Af 1 *P ,2X ,2X,n ,2l*lX,r6.3n 

5 TCP 

DiO 

SLuiicuni.E ct<rAricc,cc,ni,cx,iA,rp,P,ciii(.rmii,rAn 

DOLUL C I'llEC 1 S 1 c.*< 1 A IS I ) , TP, 1 5 I I , CC , tO , T TC , T 1 0, T AU , TTH , f TE 

SIO IS Til*; STCrA\-fiCLTZPAl,N COUSTAliT USEfJ TO CALCULATE TIlE 
II ADI Alien TUP 

S|g « C.CCC13& 

AHIII » U'ltlACG. 

AlH n CMk * API.S 
IAL»Alt;<-C.70 

c ccrtvi RSlCii Of r>Hp<ATL,r s p. OLCutrs rtrifloiiArc to 
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c dcckhs hri-viN 

c 

. tl r JCMIM *?M. 16>/I00 

IK « (Iftm t 271.1t)/icc. 

nn • iiMui t 2 / 1 , t6»/ico. 

IH » 

c 

c CALCUAricN cr surf.f.c ntAi lcso in<v 

c 

oc=-tst>/*nc»»'i-nM) 

Ui • “isKfru!»“'i-riMt 

c 

c CALCUMfif)* ri stirAcr i";at riux 

c nils Ksrs rc rnTtnMi-i: i^ntrnru n-r iihf; js at iiicht o« 

C t/UUl.iO me DAY (OCOC. IC l»0C IS l,AVI 

c 

ir 1 r’.L.U.C. 1211 1C uc 
IF 1 rAi.oi . i j. )oc ir if.G 
'X • c.cc'nt*i;siijnAiuj.m 57 /iJi i tt 
(,‘U ^ c.ct; K.»CM.M tAl‘H.lAl*j';/H) < CC 

ICC coMif.'.r, 

IK IUR»( 

LMI 

/* 

//CO.I tccrcct CD CY50Ur»A,r.CF»IKCCF<'"FA),CUIL|H^6000 
sysi ‘1 cv 0 

I- cc. J\ I 2 36C0. 1. 1. 7. C. 

CCCCCCTiC 

1 2 I 1 JAI ) n 'J?.’05I7Jl?Cn n 6rn7C20A2(H 

C2CC'‘;!>CC'tLCC2?'}0?5';uA!;C0SA1 

CCC I i?CCCK!iCC(,CCUi;fiC3l 2 5CCDlSCOCOCOAnOCOU 

/♦ 


